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ABSTRACT 



A magnet for magnetic resonance imaging comprising a 
pair of poles supported on a yoke and juxtaposed to 
define between them an imaging volume, die poles 
having opposed end faces which each include shim 
pieces set therein, which shim pieces are adapted and 
arranged to be positional! y adjustable in directions par* 
allel with the longitudinal axis of the poles for the pur- 
pose of homogenizing the magnetic field in the imaging 
volume. 

12 Claims, 3 Drawing Sheets 
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imaging volume if temperature sensitive materials are 
MRI MAGNETS used in any quantity. 

This invention relates to magnets in which the imag- 

This invention relates to magnets and more especially ing volume is defined in a region between two pole 
it relates to magnets of the kind used for magnetic reso- 5 pieces which are held apart by a frame or *yoke\ In 
nance imaging (MRI) in medical applications. such a magnet, a further technique which may be used 

The theory and operation of MRI is well known and to produce a substantially homogeneous magnetic field 
will not therefore be discussed in detail herein. It should m the imaging volume is pole shaping. This may involve 
be emphasised however that in order to create accept- a special separate flexible pole plate which is spaced 
able images, a magnetic field must be provided which 10 apart from the main pole of the magnet by an air gap as 
affords a predetermined volume of highly homogene- described in European patent application number 
ous magnetic flux. This volume, which is usually called 91119667.3. By locally flexing the pole plate so as to 
the imaging volume, might be considered to be spheri- change the air gap, it is possible to Vary the magnetic 
cal and typically of about 40 cm diameter wherein the flux passing through the pole plate. Since the, perpen- 
magnetic flux is substantially homogeneous to within 15 dicular flux through the plate affects magnetic field 
one hundred parts per million or less of non-uniformity distribution in the imaging volume, the homogeneity of 
(AB/B). magnetic field can be improved by predetermined 

The magnets used for MRI may be permanent mag- P° le P^te adjustment The use of flexible pole plates for 
nets or electro magnets which may employ cryogenic shimming is however not entirely satisfactory. This is 
techniques to produce strong magnetic fields, typically 20 because ^ shimming process is complex and time con- 
0.2 T to 2 T. Unfortunately, with all presently known suming and achieving the necessary resolution for a 
magnets, the magnet alone, i.e. the bare magnet will not homogeneous magnetic field in the imaging volume is 
produce a magnetic field in the imaging volume which Additionally, the mechanical robustness 

is sufficiently homogeneous. This is because of inevha- „ of J"* 16 P° le P lat f * * ot ^ 
ble non-uniformities inherent in a magnet's design, the 25 . * fP«** P° le V*** <Joes however have one special 
materials and tolerances of the component parts from significant ad vantage in that the ad verse effect of hyste- 
which it is made and external influences which affect "*! °f * ehniinated. Magnets made of cheap 

the magnet's field during operation. It is therefore nec- * teel 5f er , p ^ cu1 ^ ^m this phenomenon, 

essary to correct for these magnetic flux non-uniformi- , n w * ch ltJ ** m * Melioration of the bomoge- 

o «^„c 30 neit Y of the magnetic field in the imaging volume when 

ties, a process known as snimmmg. ~ „ tT . , TT °^ ° . 

cu- ••*!.* it iT * *i_ n , j the gradient coils are pulsed. However, a separate pole 

Shimming is a technique well known to those skilled ^ _ w * u f l . 

. _^ ** , ?■ Al _ , , , plate acts as a screen which serves to carry all of the 

in the art and various shimming methods may be used, ^ adient return flux and does not allow any to 

perhaps in ^ombmation. For example, dectncal shim- ^ to ^ main ^ gy careful choice of 

ming may be used which comprises posrtiomng spe- 35 material ^ construction method for the pole plate, 
cially designed copper coil* often with complex geom- hys t C resis effects may thus be substantially elhninated. 
etnes within the magnet and energismg the coils with a It is an object of the present invention therefore to 
predetermmed current The magnetic field thereby provide ^ improved shimming method wherein some 
produced from these coils is superimposed on the field of me fore going disadvantages are obviated at least in 
produced by the bare magnet so as to create a substan- 

tially homogeneous magnetic field in the imaging vol- According to the present invention a magnet for 
xxm ^ ... . . , . . magnetic resonance imaging comprises a pair of poles 

Although electrical shimming is a very powerful supported on a yoke and juxtaposed to define between 
technique, it carries a major cost penalty. The addi- the m m imaging volume, the poles having opposed end 
tional cost of coils and the requirement for a very stable 45 faces which each include shim pieces set therein, which 
power supply often mitigates against the use of electri- shim pieces are adapted and arranged to be positionally 
cal shimming. adjustable in directions parallel with the longitudinal 

An alternative shimming method called passive shim- axis of the poles for the purpose of homogenising the 
ming comprises positioning discrete pieces of magnetic magnetic field in the imaging volume, 
material which may either be ferro-magnetic or perma- 50 Each pole may have a substantially rigid pole plate 
nently magnetised near the imaging volume in predeter- wn i c h is provided on its end face and disposed substan- 
mined positions in order to constrain the field of the tially orthogonally of the said axis, the pole plate being 
bare magnet so as to make it more homogeneous. The spaced apart from the end face of the pole with which 
main shortcoming of passive shimming is that relatively it is associated. 

large volumes of shimming materials are often required 55 By using separated rigid pole plates the adverse effect 
and space for this is not always available. of hysteresis is substantially removed, without the dis- 

When considering shimming designs however, the advantage associated- with flexible pole plates and by 
effect of temperature changes must be considered since providing axially adjustable shim pieces set into the 
available materials possess a significant temperature poles, the homogeneity of the magnetic field in the 
sensitivity which means that the homogeneity of the 60 imaging volume may be simply optimised, 
magnetic field m the imaging volume will be tempera- The shim pieces may be fabricated of ferro-magnetic 
rare sensitive to some degree. As is well known by the material. 

cognoscenti, MRI involves the use of gradient coils Alternatively, the shim pieces may be fabricated of 
which are energised to create a magnetic field gradient permanent magnetic material which may additionally 
across the imaging volume, the coils being electrically 65 include ferro-magnetic material, 
pulsed on and off during imaging. Thus heat is inevita- The shim pieces may comprise at least one annular 
bly produced in the gradient coils which in turn may ring, the position of which is arranged to be adjustable 
affect the homogeneity of the magnetic field in the axially of the poles. 
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A plurality of concentric rings might be provided, justable and comprise segments of an annular ring 

each ring being individually adjustable. which is let in to the pole face 11 of the pole 7. The shim 

At least one ring may be segmented, each segment of pieces 12 and 13 are arranged to be adjustable in direc- 

the ring being adapted and arranged for individual ad- tions as indicated by arrows 14, parallel with the longi- 

justment. 5 tudinal axis of the pole 7. In order to minimise the reluc- 

The shim pieces may be adapted and arranged for tance in magnetic paths associated with the pole 7 and 

screw threaded adjustment. th e shim pieces 12 and 13, the shim pieces 12 and 13 are 

Each segment may comprise means for individual arranged to be a close fit within apertures 15 and 16 

screw threaded adjustment. respectively in the pole face 11 into which they are 

The shim pieces may be arranged to be adjustable 10 slidably fitted, 

against the biasing force of a spring. Although any suitable method for adjustment of the 

In one contemplated embodiment of the invention the shim pieces u and 13 may be employed, one adjustment 

rigid pole plate for^ch pole may be sandwiched be- arrangement will now be described with reference to 

tween, on one side thereof, the end face of the pole with F1G 3 

wmch it is associated, and into which the shim pieces 15 Turning now to FIG. 3, wherein parts corresponding 

are adjustably let, and on the other side thereof gradient to HG- 2 bear the s^rne numerical desigSs, the 

*1? ^ SpaCC H 0n ?"* f° le WIthm Wh !^ ^ ^im piece 12 is mounted on dowels 17 and IS^adj^ 

pole plate and the gradient coils are accommodated mf ^ nf V^- t , . s Tlr " ^ J 

being embraced by a pair; of annular Rose rings, one for nTJ^^ ^ l^^ * f^l* 

each pole, which are mounted on the end face of respec- 20 ^IfT '^P* 19 is arranged to be axially 

rive poles. (NB-The 'Rose' ring is named after its in- ^ meanS of M ^ ho ™S arrangement 20 and 

venter. Its purpose is to improve the basic homogeneity Jf™* J? Z ™™ 

of the field. It is well known in the art, although usually 21 fonned m ^ e ^ piece 12 so that conse- 

described by its shape and function rather than called a q«ent upon rotation of the screw 19, the axial position of 

♦Rose' ring ) 25 the shim piece 12 will be adjusted against the biasing 

The pole plate associated with each pole may be ^ of ^ springs 18a which the dowels 18. 

arranged to serve as a substrate on which permanent Adjustment may be affected by means of a key (not 

magnets provided for fine shimming are mounted. shown) which is arranged to fit in an complementary 

One embodiment of the invention will now be de- aperture 19c in one end of the screw 19, an access hole 

scribed by way of example only with reference to the 30 f 2 for kev ^8 Provided in the pole plate 10 which 

accompanying drawings, in which; ^ mounted on non-magnetic rings 23, and which serves 

FIG. 1 is a somewhat schematic side view of the poles ^ a V^ovm for discrete magnets (not shown) as may 

of a known MRI magnet; required for passive fine shimming. 

FIG. 2 is a side view of one pole of an MRI magnet P^ te 10 mi S ht normally be secured to the plate 7 

according to one embodiment of this invention; 35 bv screws (not shown) which pass through the rings 23. 

FIG. 3 is a somewhat schematic sectional side view of V/ P^ appreciated that shim pieces such as the 

a part of the pole shown in FIG. 2; and shim piece 12, may comprise any combination and num- 

FIG. 4 is a generally schematic view of an MRI mag- ter °* segmented rings which can be fitted to the poles 

net wherein parts corresponding to the previous FIGS. at radius. These shim pieces may be arranged to fit 

2 and 3 bear the same numerical designations. 40 closely within complementary grooves of any width or 

Referring now to FIG. 1, a known magnet for MRI depth within the pole with which they are associated. In 

comprises a pair of poles 1 and 2 . T he poles 1 and 2 ha ve ^ act the segments may be so small as to comprise indi- 

end faces la and 2a respectively into which annular vidual screws. 

gradient coils 3 and 4 are let In order to produce satis- Incremental movements of the shim pieces or seg- 

~factory images the magnetic flux in a spherical imaging 45 ments may simply be measured with a dial test indicator 

volume 5, having a diameter of about 40 cm is required which can be used via measurement holes in the pole 

to be substantially homogeneous to within one hundred P^te provided as necessary for the purpose, 

parts per million or less of non-uniformity (AB/B). The As shown in FIG. 4, use of a magnet according to the 

imaging volume 5 is positioned in the centre of a gap 6 present invention facilitates the fabrication of MRI ap- 

between the poles 1 and 2 into which a patient to be 50 paratus wherein the imaging volume, and hence the 

scanned is positioned so that a body region to be patient, is accessible to medical personnel during imag- 

scanned is within the imaging volume 5. ing, so that dynamic techniques become possible for 

As hereinbefore explained, MRI magnet systems are diagnosis and/or other purposes. The magnet shown 

very well known and the arrangement just before de- has a yoke 24 in the form of a *C\ It will be appreciated 

scribed, and its mode of operation is well understood by 55 by those skiDed in the art that other geometries can be 

those skilled in the art. used without in way affecting the present invention. 

Referring now to FIG. 2, one pole of a magnet ac- I claim: 
cording to the present invention is shown but it will be 1. A magnet for magnetic resonance imaging corn- 
understood that the magnet will comprise two poles as prising a pair of poles supported on a yoke and juxta- 
shown in FIG. 4, each similar to the pole shown in FIG. 60 posed to define between them an imaging volume, the 
2 but arranged in juxtaposed positional relationship. In poles having opposed end faces which each includes 
FIG. 2 a pole 7 is shown on which is mounted an annu- shim pieces set therein, and means for positionally ad- 
lar Rose ring 8 so as to define within the ring a cylindri- justing the shim pieces in directions parallel with the 
cal space which is occupied by gradient coils 9 and a longitudinal axis of the poles for homogenising the mag- 
fixed and rigid pole plate 10. The pole plate 10 is sand- 65 netic field in the imaging volume; 
wiched between the gradient coil 9 and an end face 11 wherein each pole has a substantially rigid pole plate 
of the pole 7 into which adjustable shim pieces 12 and disposed on its end fece and substantially ortho- 
are let The shim pieces 12 and 13 are individually ad- gonally of the axis, the pole plate being spaced 
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apart from the end face of the pole with which it is 
associated; and 
wherein the rigid, pole plate for each pole is sand- 
wiched between, on one side thereof, the end face 
of the pole with which it is associated, and into 5 
which the shim pieces are set therein, and on the 
other side thereof gradient coils, further wherein 
each pole includes a cylindrical space within which 
the pole plate and the gradient coils are disposed 1Q 
and embraced by a pair of annular 'Rose* rings, one 
for each pole, which are mounted on the end face 
of respective poles. 

2. A magnet as claimed in claim 1, wherein the shim 
pieces are fabricated of ferro-magnetic material. 15 

3. A magnet as claimed in claim 1, wherein the shim 
pieces are fabricated of permanent magnetic materia] 
which may additionally include ferro-magnetic mate- 
rial. 

4. A magnet as claimed in claim 1, wherein the shim 20 
pieces comprise at least one annular ring, the position of 
which is arranged to be adjustable axially of the poles. 

5. A magnet as claimed in claim 4, comprising a plu- 
rality of concentric rings, each ring being individually 
adjustable. 25 

6. A magnet as claimed in claim 4, wherein at least 
one ring is segmented, each segment of the ring being 
adapted and arranged for individual adjustment 

7. A magnet as claimed in claim 6, wherein each ^ 
segment comprises means for individual screw threaded 
adjustment 

8. A magnet as claimed in claim 1, wherein the means 
for positionally adjusting the shim pieces is a thread 
adjuster. 35 

9. A magnet as claimed in claim 1, further comprising 
a spring in contact with the shim pieces, wherein the 
spring applies a biasing force and wherein the shim 



pieces are adjustable against the biasing force of the 
spring. 

10. A magnet as claimed in claim 1, further compris- 
ing a plurality of discrete permanent magnets mounted 
on the poles allowing fine shimming adjustment 

11. A magnet as claimed in claim 1, wherein the pole 
plate associated with each pole is arranged to serve as a 
substrate on which permanent magnets provided for 
fine shimming are mounted. 

12. An improved magnetic resonance imaging system 
having support means for supporting a body to be 
scanned, a magnetic arrangement for scanning the body 
and control means for controlling the magnetic arrange- 
ment, wherein the improvement comprises a magnetic 
arrangement comprising a pair of poles supported on a 
yoke and juxtaposed to define between them an imaging 
volume, the poles having opposed end faces which each 
include shim pieces set therein; 

means positionally adjusting the shim pieces in direc- 
tions parallel with the longitudinal axis of the poles 
for homogenising the magnetic field in the imaging 
volume; 

wherein each pole has a substantially rigid pole plate 
disposed on its end face and substantially orthogo- 
nally of the axis, the pole plate being spaced apart 
from the end face of the pole with which it is asso- 
ciated; and 

wherein the rigid pole plate for each pole is sand- 
wiched between, on one side thereof, the end face 
of the pole with which it is associated and into 
which the shim pieces are set therein, and on the 
other side thereof gradient coils, further wherein 
each pole includes a cylindrical space within which 
the pole plate and the gradient coils are disposed 
and embraced by a pair of annular 'Rose' rings, one 
for each pole, which are mounted on the end face 
of respective poles. 
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